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Abstract  
This project is a proposal entry to the 2016 AEI Student Design Competition in the Structural 
Category. The competition challenge for the structural team is a 17-story multi-use high-rise 
building on 888 Boylston Street, Boston. The design of composite columns integrated with a 
Bubbledeck system allowed a smaller structural footprint while still keeping its load bearing 
strength.  As a team we strived for an innovative, resilient and sustainable structural system.  In 
addition to the structural design each of us contributed efforts to other areas of the project, such 
as: daylight harvesting, exterior lighting, public safety and resiliency of the submittal. 
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Capstone Design Statement 
This Major Qualifying Project incorporates the design capstone required by the Civil and                         
Environmental Engineering Department in WPI, which was met through the exploration of                       
innovative, structural and functional design aspects that became product of the proposed design                         
for 888 Boylston. This is explained in three components being the design problem, the approach                             
to the design problem, and a statement on how the realistic design constraints were addressed. 
This project is a proposed design used for the AEI Student Design Competition 2016                           
submittal entry by Team 05 (WPI Team). This competition requires teams to address various                           
aspects to be considered for the competition subject, a 17­story multipurpose office building                         
located in Boston, MA along Boylston street  adjacent and connected to the Prudential             
Center. 888 Boylston street project was a three project group team consisting of Structural                           
Group 1 ­ Concrete Design, Structural Group 2 ­ Steel Design and Mechanical Group. All three                               
project teams worked together to complete an integrated report of all systems designed for the                             
high performance building. In addition to every team member having one primary task and                           
several secondary tasks, all carrying many roles, they all had to incorporate aspects of the design                               
such as resilience and sustainability had to the final complete design. The structural team was                             
divided into two groups to conduct research on the suitable materials that would fulfill the                             
predetermined design criteria. The main focuses were on structural steel, reinforced concrete and                         
combined systems. To get an idea of which type of column would best suit the building, the team                                   
decided to run calculations on both steel and concrete columns to determine how large of a cross                                 
sectional area would be required to support the building. A smaller cross sectional area is                             
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preferable to consistently decrease the disturbance of the floor plan caused by the columns                           
throughout the entire structure. For this design to come to fruition, additional building aspects                           
like site logistics and construction methods were investigated and described to provide an                         
efficient time and energy process during the erection process. 
The final design for the steel structural group was a concrete encased steel­section                         
consisting of the following components: w­shape hot rolled steel column, two t­shape hot rolled                           
steel columns spliced at the web of the w­shape section, self­compacting concrete, four steel                           
reinforcement bars and steel ties to resist the tension force on the concrete. The team precisely                               
calculated the load distribution in existing column layout and proposed column layout, ran                         
calculations on various steel column configurations to determine how large of a cross sectional                           
area would be required to support the building, and recorded all properties for each composite                             
column in each level using Microsoft Office Excel. The results recorded in the excel                           
spreadsheets were used to make diagrams on max axial load and column size for each column                               
coordinate. These records were distributed to the concrete structural team and the mechanical                         
team for their project which was integrated into the overall project proposal for the 2016 AEI                               
Competition.   
In this project the three most innovative designs were the unitized wall system, composite                           
columns, and the addition of spliced T­columns into the composite columns to accommodate for                           
larger loads that can’t be resisted by a composite column not exceeding the gross dimension of                               
22”x22”. For instance, unitized curtain wall is a curtain wall configuration that requires much                           
less labor area than the competitive system (stick mullion system). Considering Boston is a very                             
densely populated city and setbacks for properties are very minimal making tight construction                         
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inevitable, storage space is has to constantly be monitored given the exterior storage area is very                               
small. Every single panel is pre manufactured and glazed in a climate controlled environment.                           
They’re insulated double pane glass units framed by a structure system called aluminum                         
mullions. To speed up construction time and increase the available exterior storage space for                           
much larger building units/systems, an innovative installation technique was developed. Once                     
the dollies carrying four units are delivered to the site workers then maneuver them into a freight                                 
lift which takes them to the level of installation. With the operation of a suction robot, three                                 
workers are able to install a unit at a time from the interior of the building as well as store                                       
numerous dollies on the assigned level. The unit has anchors on the top end of the vertical                                 
mullion that hook onto a steel bracket above the slab of the floor on the level above. There are                                     
two different sizes for unitized panels, one for the retail floors which have a much taller floor to                                   
floor height and another size for the smaller floor to floor heights in the office floors. This                                 
innovative system and installation technique addresses several realistic ABET design constraints                     
with the following qualities: safer installation process, speeds erection speed of other systems                         
due to less space obstruction, low chance of product error since each unit is preassembled and                               
tested, and it’s very compatible to other innovative systems like shadow boxes and                         
interior/exterior louvers. 
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Professional Licensure
Professional Licensure can be used for multiple areas of work to provide legitimate and                           
legal work/advice. According to the National Council of Examiners for Engineers and Surveyors                         
(NCEES.org), “Professional licensure protects the public by enforcing standards that restrict                     
practice to only qualified individuals who have met specific qualifications in education, work                         
experience and exams.” This allows only professionals to their respected area of study to have                             1
proof that they are officially a professional. This now creates and honest work flow between the                               
client and engineer since codes and standards have been set for professional engineers and                           
surveyors. 
Licensure for the engineering and land surveying profession is regulated by state. If one                           
is interested in pursuing their licensure, they should check the requirements within the state or                             
territory they plan to practice. For example, if one has their professional engineering license in                             
massachusetts for Civil, then they are restricted to only Massachusetts due to the specific                           
requirements they have that relate to their state government, weather/environment and etc.                       
California has different requirements which is why someone with a Massachusetts professional                       
license cannot be the engineer or surveyor of record in California, for example. 
1 "NCEES: Licensure." NCEES. N.p., n.d. Web. 15 Mar. 2016. 
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The process of becoming a professional engineer or a professional land surveyor have                         
different steps. To earn a professional engineering license one must earn a degree from an                             
ABET­accredited engineering program. After that taking and passing the fundamentals of                     
engineering exam is the next step. Use the fundamentals of engineering exam qualification and                           
gain acceptable work experience, which usually has a minimum of four years. In most cases                             
they were completed under the supervision of a Professional Engineer. Once this is completed,                           
the final task in passing the professional engineering exam in the respected area of study, is all                                 
that stands in the “way of stamping and sealing designs, bidding for government contracts, being                             
a principle of a firm, performing consulting services and offering services to the public”                           
(NCEES.com). 
Professional Licensure plays a large role with the profession as a whole, the licensed                           
individual and to the public. First of all professional licensure protects the profession itself, the                             
individual and the public. Keeping the public safe is first priority. The National Society of                             
Professional Engineers stated, “ A professional engineer is obligated to protect the health, safety                           
and welfare of the public.” This is what keeps the reliability and trust between the public and                                   2
the engineers tight, while keeping everyone safe. 
In terms of the individual it helps protect and also keep the individual responsible if a                               
case was brought against them. For example, if a building collapsed the professional engineer                           
who stamped the design will be held at fault, unless the reason it fell was not because of                                   
“him/her”. This helps build integrity within the individual, which then allows them to put their                             
2 "NSPE Protects Your PE License." NSPE Protects Your PE License. N.p., n.d. Web. 15 Mar.                               
2016. 
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best effort in and respect other professional engineers around them. One professional engineer                         
can set the right example for all engineers thus, helping the profession as a whole. 
With the public safe and individual professional engineers doing what's right and setting                         
a good example for all other engineers and the public, it allows the profession to gain respect and                                   
credibility. It helps build integrity within the profession and help it last for years to come. The                                 
importance of the profession shows how important each individual professional engineer is but                         
really how important the public is. 
x 
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1.0 Introduction 
The following report is one of three reports that are directed at 888 Boylston St.  This 
report describes the structural system for 888 Boylston Street, located in the Back Bay area of 
Boston, Massachusetts. This submittal includes a narrative description of the strategies and 
solutions that we established for the predetermined design goals, structural analysis of each 
structural component of the building, and supporting documentation necessary. The report 
focuses on three main goals: resiliency, sustainability, and constructability of the building, 
brought by the integration of steel.  
1.1 The Challenge 
888 Boylston street project was a three-project-group team consisting of Structural Group 
1 - Concrete Design, Structural Group 2 - Steel Design and Mechanical Group.  All project teams 
worked together to bring this design to completion.  Although there were main roles for each 
person and project team other aspects of the design such as resilience and sustainability had to be 
completed.  The structural team was divided into two groups to conduct research on the suitable 
materials that would fulfill the predetermined design criteria. The main focuses were on 
structural steel, reinforced concrete and combined systems. To get an idea of which type of 
column would best suit the building, the team decided to run calculations on both steel and 
concrete columns to determine how large of a cross sectional area would be required to support 
the building. A smaller cross sectional area is preferable to limit the disturbance of the floor plan 
caused by the columns.  For this design to come to fruition the site logistics and construction 
methods were investigated and described to provide an efficient time and energy process. 
  2
1.2 Team Goals 
The AEI Student Design Competition guidelines provided three major design concepts 
that this building needed to achieve: sustainability, resiliency, and constructability. Using these 
concepts, the following design goals were developed to ensure maximum building performance: 
● achieve a structural design that successfully integrates the structural, mechanical,
and electrical elements with the architectural systems in order to create an integrated  
design, 
● select design and construction methods that minimize the disturbances to
adjoining businesses caused during the construction, 
● plan site logistics in a way that will successfully coordinate the construction phase
without negatively affecting the local environment, 
● design a structure that, in addition to resisting gravity loads, will be able to resist
design wind loads, which is an important consideration in the City of Boston, 
● design every aspect of the building sustainably, and
● design all aspects of the building, including the building envelope, to contribute to
an overall building energy usage that is 50% below ASHRAE requirements. 
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2.0 Background 
888 Boylston Street is a new multi-story, mixed-use building in Boston, Massachusetts. It 
has a footprint of 39,700 square feet will house three floors of retail space, fifteen office floors, 
two mechanical floors, as well as two levels of below-grade parking. This building is intended to 
be an extension of the current Prudential Center Tower, expanding the mall’s retail stores and 
adding to the rentable office space in the Boston Back Bay area. Unfortunately, to make room for 
this building, the large courtyard area outside of the Prudential Center food court had to be 
demolished. This courtyard had provided enjoyable green space for Back Bay visitors. To make 
up for this loss, the new 888 Boylston Street complex strives to maximize sustainability within 
the structure to provide an open, free flowing experience for pedestrians.  
The scope of the project was to understand and learn how to design a structural system for a 
high-rise building with a team of concentrated structural engineers, while collaborating with 
other teams during the project to help with the integration of mechanical and structural systems.    
The project team was told to research types of structural systems gravitational and lateral and 
come to a consensus of what should be the steel structure and why.  The project team then had to 
compare with the structural group 1 - concrete to finalize the structural system.  What will be 
concrete and what will be steel and why.  After figuring out the structural system the design 
phase of structural members respected to our group was calculated and designed.  The structural 
systems were then put into Bentley RAM then moved to RISA 2D for simplicity to analyze the 
wind load aspect of its strength. 
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2.1 Gravity Loads 
During the beginning phase of designing the structure as steel many systems were 
investigated in literature such as, Structural Analysis of Regular Multi-Storey Buildings1 and 
Wind and Earthquake Resistant Buildings Structural Analysis and Design2.   
Gravity loads on buildings are of two kinds: static and dynamic. Static loads are 
considered permanent, whereas dynamic loads as time dependent (gravity load). The weight of 
every element within the structure is a static load and includes weights of load-bearing elements, 
beams, slabs, columns, walls, ceiling, floor and wall finishes, sprinkler systems, light fixtures, 
sheet metal ducts, permanent partitions, exterior cladding, cooling towers, central plants, pump 
rooms, thermal storage tanks, and other mechanical equipment.  
In the other hand, although they are similar to dead loads and essentially static, live loads 
are less accurately predictable because they are subject to greater variation.  A beam and girder 
setup helps disperse gravity loads, however, it has a one dimensional flow of force, unlike other 
gravitational load barriers such as Bubbledeck integrated system, which was researched by 
structural group 1 - concrete.  The moment restraint at the ends leads to reduce positive bending 
moments for beams and reduced effective lengths for columns under gravity loads.  Columns 
such as W-flange, HSS Composite and w-flange reinforced composite columns. On top of that 
the design is simple and convenient, which helps save time within the construction phase of the 
project.  Live loads were calculated through ASCE 8th edition, here is the variance.  The live 
load on lower floors is greater than the higher floors by an estimated factor of 4.3. 
1 Zalka, Karoly A. Structural Analysis of Regular Multi-Storey Buildings. Boca Raton: CRC Press, 2012. 
2 Taranath, Bungale S. Wind and Earthquake Resistant Buildings Structural Analysis and Design (New York: Marcel Dekker, 
2005) Chapters 4 & 5. 
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Table 1: Live Loads 
Floors 
TOTAL 
(Range) Kips 
Components 
DL Floor DL Floor LL 
5--8 15,146,154.80 
15,146.1
5 39,903.70 
2,577,265.0
0 1,169,370.00 
9--16 30,673,752.80 
30,673.7
5 44,689.10 
2,620,160.0
0 1,169,370.00 
17 341,460.00 
2,693,648.0
0 1,169,370.00 
Mech PH Floor 140,595.00 
2,700,263.4
0 
PH Low Floor 165,034.00 
1,428,213.9
5 
Upper Roof Level 
T.O.S. 108,885.00 650,851.84 
17-Upper Roof 
T.O.S. 9,398,321.19 9,398.32 
5-Upper Roof 
T.O.S. 55,218,228.79 
55,218.2
3 
1 302,385.00 
6,000,000.0
0 5,000,000.00 
2 809,025.00 
5,430,100.0
0 4,500,250.00 
3 132,450.00 
4,300,260.0
0 5,264,125.00 
4 330,285.00 
4,000,000.0
0 2,200,600.00 
2.2 Lateral Loads 
Tube-in-Tube frame creates a central core system while having strength surround the 
perimeter. The office space floors have all their columns on the perimeter except for the central 
core. Tube-in-Tube meets the purpose of the space, minimizing the amount of walls and columns 
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in pedestrian filled space, to allow smooth workflow to happen. While the system engages the 
entire buildings inertia to resist lateral loads such as wind and seismic much better than other 
systems. For the office floors in particular (floors 5-16) one proposal incorporated an elevator 
core system along with the column-free open office floor space between the core and exterior 
support columns. This will result in functional efficiency; it also effectively integrates the two 
major structural elements available to resist the overturning forces present in a high-rise 
building: tube-in-tube system with central core.  
One of the proposed systems was a steel-braced central core system, which can be used 
as the lateral load resisting system, which will reduce the size of the exterior columns. Another 
system used for lateral loads is utilizes chevron and shear steel wall bracing for the central core 
structure. This braced system is effective in resisting the forces and associated deformations due 
to shear racking since their resistance varies approximately linearly with the building height.  
The core system alone provides resistance to the overturning component of drift that increases 
approximately with the cube of the height. This plus the tube-in-tube frame, hypothetically, 
should resist lateral loads much greater than without it. 
Chevron bracing can hold gravitational loads; however, its main purpose in this project is 
to resist any lateral loads that interact with the front and back of the building, such as winds.  
This helps increase the stability of the core while still allowing open space for MEP inner 
workings to pass through freely. Even though it may not be used as a central core system it still 
holds the same shape and load resistance. 
The last bracing system considered relied on 2” thick steel shear walls.  This steel plate is 
highly effective at resisting lateral loads, such as seismic. Openings are going to have to be made 
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in the walls for doors. This will take away some stability of the steel plate; however, the 
thickness can be increased to make up for material strength lost. 
Table 2: Lateral Load System 
System Description Pros 
Number 
of Stories 
favoring 
each 
system 
Diagram 
Rigid 
Frame 
Load resisting 
structure with 
straight or 
curved members 
interconnected 
with rigid 
connections 
● Subjected to 
large shear forces
● “The moment
restraint at the ends leads
to reduced positive 
bending moments for 
beams and reduced 
effective lengths for 
columns under gravity 
load” 
● Simplicity and
convenience for
rectangular form with
clear of structural wall
25 stories 
3
Frame 
Tube 
System 
One of closely 
spaced exterior 
columns and 
deep spandrel 
beams rigidly 
connected 
together, with 
the entire 
assemblage 
continuous 
along each 
façade and 
around the 
● A fully three-
dimensional structural
system that engages the
entire building inertia to
resist lateral loads
● Higher degree of
efficiency toward lateral
load resistance
50-60
Stories
4
3  "High-rise Structural Systems." High-rise Structural Systems. N.p., n.d. Web. 15 Oct. 2015. 
<http://www.slideshare.net/aks254447/highrise-structural-systems>. 
4  "High-rise Structural Systems." High-rise Structural Systems. N.p., n.d. Web. 15 Oct. 2015. 
<http://www.slideshare.net/aks254447/highrise-structural-systems>. 
  8
building corners. 
Concentric 
Braced 
Frames 
The centroid of 
each brace 
member passes 
through the 
same point 
● “A braced frame
improves upon the
efficiency of a rigid
frame by virtually
eliminating the bending
of columns and girders.”
● Resist horizontal
shear force
● Minimizing
bending of beams and
columns.
● Efficient from
strength and stiffness
considerations
Low Rise 
5
Eccentric 
Braced 
Frames 
Eccentrically 
braced frames 
can be 
configured in 
various forms as 
long as the brace 
is connected to 
at least one link 
● Efficient for 
resisting earthquakes
● Prevent buckling
of the brace from large
overloads
● Combine the 
ductility that is 
characteristic of moment 
frames and the stiffness 
associated with braced 
frames1 
● Yield in shear or
in bending
25-30
Stories
6
5 "Structural Steel Systems for Seismic Design." Civilengineeringx. N.p., n.d. Web. 
<http://www.civilengineeringx.com/structural-analysis/structural-steel/structural-steel-systems-for-seismic-design/>.
6 "Braced Frames." Seismic Resilience. N.p., n.d. Web. <http://www.seismicresilience.org.nz/topics/superstructure/seismic-
design-concepts/braced-frames/>. 
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Buckling 
Resisting 
Braced 
Frame 
A special case of 
a concentrically 
braced frame 
● A high degree of
ductility and good lateral
stiffness
● Highly effective
for energy dissipation
● Relatively simple
to repair if need be, after
a major earthquake
● Unbonded brace
frames, which may be
considered a special
class of BRBFs, consist
of a steel core installed
within an outer shell
with mortar infill
between the plate and
the shell
25-30
stories
Steel Plate 
Shear Wall 
The shear walls 
consist of 
columns, beams, 
and steel plate 
elements and the 
plate infill the 
boundaries 
created by the 
columns and 
beams 
Analogous to a vertically 
cantilevered steel plate 
girder with the columns 
acting as the plate girder 
flanges, the beams acting 
as the intermediate 
stiffeners, and the steel 
plate acting as the web 
of the plate girder 
Seismic -
lateral 
system 
7
Braced and 
Rigid 
Frames 
Rigid frames in 
conjunction with 
braced frames is 
an economical 
structural 
solution 
● Economical
● “Although deep
girders are required for
rigid frames they are 
perhaps less 
objectionable than 
additional columns from 
space planning 
considerations” 
40-50
Stories
7 "Door Openings in Shear Walls." ACI Journal Proceedings JP 64.11 (1967): n. pag. Engineering.purdue. Web. 
<https://engineering.purdue.edu/~jliu/courses/CE591/PDF/ce591SPSW_F13.pdf>. 
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Truss Tube 
A frame tube 
system with 
minimum 
number steel 
bracing and 
horizontal 
trusses diagonals 
on each façade 
and making the 
diagonals 
intersect at the 
same point at the 
corner column 
● With fewer and
farther-spaced exterior
columns
● The system is
tubular in that the fascia
diagonals not only form
a truss in the plane but
also interact with the
trusses on the 
perpendicular faces to 
affect the tubular 
behavior 
● Resist lateral 
shear by steel bracing
60-70
Stories
8
Tube-in-
Tube 
An exterior 
framed tube 
with an internal 
elevator and 
service core 
● Flexibility in use
of interior space due to
lack of interior column
● Resisting both
gravity and lateral load
● Outer tube
interact with the core
horizontally as the shear
and flexural components
of a wall-frame
structure, which increase
the lateral stiffness
80-100
Stories
9
8 "High-rise Structural Systems." High-rise Structural Systems. N.p., n.d. Web. 15 Oct. 2015. 
<http://www.slideshare.net/aks254447/highrise-structural-systems>. 
9 "High-rise Structural Systems." High-rise Structural Systems. N.p., n.d. Web. 15 Oct. 2015. 
<http://www.slideshare.net/aks254447/highrise-structural-systems>.
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3.0 Methodology 
The final design for the steel structural group was a 
concrete encased steel-section consisting of the following 
components: w-shape hot rolled steel column, two t-shape 
hot rolled steel columns spliced at the web of the w-shape 
section, self-compacting concrete, four steel reinforcement 
bars and steel ties to resist the tension force on the concrete. 
The team precisely calculated the load distribution in 
existing column layout and proposed column layout, ran 
calculations on various steel column configurations to 
determine how large of a cross sectional area would be 
required to support the building, and recorded all properties 
for each composite column in each level using Microsoft Office Excel. The results recorded in 
the excel spreadsheets were used to make diagrams on max axial load and column size for each 
column coordinate. These records were distributed to the concrete structural team and the 
mechanical team for their project which was integrated into the overall project proposal for the 
2016 AEI Competition.   
3.1 Analysis on Existing Columns 
Since the competition guidelines did not allow any change on the floor surface area the 
steel structural team decided to use the given surface area when resizing the columns for our 
preliminary design, it was decided to place the four proposed columns along the same 
Figure 1: 888 Boylston Street RAM model 
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coordinates given in the plans. The following assumptions in Tables 3 and Table 4 were used in 
the calculation of the size of the steel columns:  
To give the team a comparable starting point with the concrete team, the provided 
drawings of 888 Boylston Street were used to establish an initial grid. The columns were kept in 
the same locations as in the existing building, so that the sizes calculated for concrete and steel 
would be comparable.  
Once the initial grid was established, preliminary column loads were calculated based on 
tributary areas, the design assumptions listed in Table 3, and the equations listed in Table 4. For 
influence areas (KLLAT) greater than 400 square feet, a live load reduction factor was used, since 
the member supporting a large tributary area is not likely to be loaded by the maximum live load 
at all points. Both the steel design and the concrete design incorporated the live load reduction 
factor in their calculations as depicted in Appendix 2.  
Table 4: Calculation Equation Table 3: Calculation Assumption 
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3.2 Comparing with Concrete Structure 
As part of the AEI design competition, the structural team divided into two groups to 
conduct research on the suitable materials that would fulfill the predetermined design criteria. 
The main focuses were on structural steel, reinforced concrete and combined systems. To get an 
idea of which type of column would best suit the building layout, design calculations were run 
on both steel and concrete columns to determine how large of a cross sectional area would be 
required to support the building. A smaller cross sectional area is preferable to limit the 
disturbance of the floor plan caused by the columns. 
Following the column load calculations shown in Appendix 3, preliminary concrete and 
steel column sizes were determined. For the concrete design, once all loads were calculated, 
different combinations were tested to see which provided the maximum axial force. Using the 
column strength equation ФPnmax=0.8Ф(0.85f’c(Ag-Ast)+fyAst), the maximum axial force and the 
assumptions listed above were used to calculate the square foot area of each column necessary to 
support each axial force. The largest column size found was approximately 5.5’x5.5’, which is 
not an acceptable size for our floor plan, as a 5.5-foot column would greatly disturb both the 
retail and the office floor layouts. See Appendix 2 and Appendix 3 for detailed calculations.  
For the steel design, the goal was to use compression members with an available strength 
equal to or exceeding the required strength for that column location. Having calculated all loads 
for each designated tributary area, load combination equations were used to calculate the 
maximum required capacity (Фc*Pn). Using Table 4.1 in the Steel Construction Manual 14th 
Edition by AISC, the smallest column size that would sufficiently meet loading requirements 
was selected. The selected column size was W14x665, which, once covered with fireproofing 
and/or a concrete shell for aesthetics, would have gross dimensions of 25.6”x 22.7”.  
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Based on these preliminary calculations, it was decided that the structural team would 
proceed with the design of steel columns, due to their smaller column footprint compared to that 
of concrete columns. The column design process is discussed further in Section 3.3.1.  
3.3 Final Column Design 
3.3.1 Load Calculations 
In the AEI Student Design Competition submittal entry, the Bubbledeck floor system was 
one of the most innovative features in the structural design of 888 Boylston Street. Bubbledeck is 
a two-way structure slab patented to BubbleDeck North America LLC, which consists of hollow 
high-density polyethylene balls, steel rebar and concrete. Various column configurations were 
evaluated to determine the best fit for integrating into the Bubbledeck system. After the steel and 
concrete groups had designed columns for their designated material the entire team came to the 
conclusion that reinforced concrete columns would be too large (eg.5.5’x5.5’) for the floor 
layouts and individual steel HSS and W-shape columns were not sufficient to resist the 
compressive loads. Concrete encased hot-rolled steel sections allow integrating various column 
configurations while maintaining a fixed column gross dimension throughout the entire building. 
Composite columns provide more flexibility to identify members with a gross available strength 
as close as possible to the required strength for that column location. They also allow for larger 
compressive loads than typical W-shape columns, which means larger column clear span; hence 
there's more open space.  
In the first preliminary design from both structural teams, all column locations were as 
indicated in the provided plans for the existing building (Figure 2).  By creating a new column 
layout, columns were placed in locations, which would result in the best load distribution (Figure 
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3). The presence of concrete allows for fire protection, corrosion protection, and reduces the 
effective slenderness of the steel member, which increases its resistance to axial load.     
3.3.2 Constructability 
When designing the new structural systems, the team worked to ensure that the solution 
would be feasible for construction. Traditional construction methods were researched in order to 
develop an understanding of typical practices. This allowed the team to coordinate the 
installation process for the new structural system so that it would minimize the need for specialty 
construction methods. 
The slab from the existing parking garage is being reused as the floor slab of the lowest 
level garage floor of 888 Boylston Street. It is important to minimize cutting the slab when 
installing the deep foundation members to preserve its structural integrity. Construction of the 
columns was subdivided into the layout, steel erection, formwork, concrete filling and shoring.  
Figure 2: Existing column location Figure 3: Proposed column locations 
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These were the categories that were investigated to make the column erection process smooth as 
possible once the final column design was finalized. 
Constructability of the facade was delegated by the type of facade chosen by the envelope 
group.  Therefore, collaboration between constructability and the envelope group was required.  
The envelope team stated that the facade would be a unitized system, unlike the traditional stick 
system.  Knowing this, the system was researched and so were constructability methods.  
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4.0 Analysis and Result 
4.1 Composite Columns 
4.1.1 Evaluation 
In the existing model, the transfer truss distributes the load down to three V-shaped 
columns on the exterior of 888 Boylston. In addition to serving the building a structure purpose, 
the V-shaped columns added more aesthetics to the front face of the mixed-use office building.  
The team expressed an interest in removing the 2’-6” transfer truss below the fifth floor, in order 
to create the visual of each floor being as thin as possible. This change also contributed to 
decreased material costs and design load, as the transfer truss itself would weigh roughly 46.5 
kips and cost approximately $800,000 (Swensson). Following this decision, a solution was 
developed that would accommodate this change while still meeting the structural needs of the 
building. The proposed solution involved redirecting the loads supported by the three V-shaped 
columns along the exterior side of the building facing Boylston Street. In order to remove the 
transfer truss, the columns needed to be aligned throughout the entire height of the building.  
The new column layout is depicted in Figure 3. Essentially, the column like previously 
along the perimeter of the north wall of the building was moved 15 feet southward (Figure 4). 
These columns were sized properly to accommodate the design load of each tributary area. This 
modification resulted in a 
15-foot cantilever and had
no circulation obstruction 
with the main lobby 
entrance. This change gave 
the three V-shaped columns in the front of the building no structural purpose, since the columns 
Figure 4: Rendering of front plaza with architectural columns 
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that initially transferred the gravity load down to the truss now continue all the way down to the 
foundation; therefore, the architectural design team decided to remove them. Without the V-
shaped columns, the building was lacking an iconic symbol on the exterior. To accommodate 
this, the team proposed the installation of three figure-eight shaped architectural columns on the 
front of the building facing Boylston Street, as depicted in Figure 4. These three columns appear 
to serve the structural purpose of supporting the fourth floor balcony; however, the balcony is 
actually supported by the 15ft cantilever from the interior columns.  
4.1.2 Design 
Using load calculations, recommended minimum design loads 780 CMR-Eighth Edition 
Table 1607.9.1 (See Appendix 2), live load 
reduction factors (See Appendix 2), load 
combination formulas (See Appendix 2), and/or 
AISC equation I2-4 the structural team calculated 
the nominal compressive strength of the column. 
Assuming values for material strength, the 
minimum area of steel to satisfy the nominal 
compressive strength (Pn=0.85f’cAc+AstFy+AsrFysr) 
was calculated. The member sizes were found using 
AISC Steel Construction Manual following LRFD 
standard (See Appendix 4 and 5). When calculating 
the nominal compressive strength, you must add the nominal shear force (including column self-
weight) from the column above to that being sized; which is why column sizing started from the 
top floor down to the foundation since weight is always distributed downward. Three column 
Figure 5: Proposed column sections
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configurations were used as depicted in Figure 5; W-shape hot rolled steel columns, concrete 
encased hot-rolled steel sections with rebar and ties to resist the tension force on the concrete, 
and the same configuration as just mentioned but with two T-columns spliced at the web of the 
W-shape section. The first preliminary design for columns consisted entirely of W-Shape
columns with the largest column being a W14x665 compared to the latest design being a square 
composite column with W14x257, two WT6x76 T-columns spiced along the flange of the W-
shape column, 4 #9 rebar and #3 ties all encased in concrete giving it a gross dimension of 
22”x22” (Figure 5). The column selection process was simply, design for a W-shape steel section 
until the required compressive load exceeded the available compressive load for W14 steel 
beams. After that configuration failed the team designed for concrete encased hot-rolled steel 
sections with rebar and ties, and finally incorporated the 
T-beams once that configuration failed without exceeding a gross square dimension of 22”x22”.
4.1.3 Assessment 
Our current design 
consists of three types of 
columns. Starting at the top floor 
is mostly w-flange columns with 
rectangular precast concrete 
surrounding it, as it depict in 
Figure 6. As we work our way 
down the density of the columns 
begin to increase by adding 
concrete and more steel.  The Figure 6: Proposed garage column placement 
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next type of column is the W-flange with rebar and ties surrounded by SCC. This column is 
meant to hold higher loads while still getting the maximum reduction in footprint size. The last 
column designed was the w-flange with two welded Ts and rebar with ties, surrounded by SCC. 
These columns mainly consist in the retail floors. Refer to Appendix 1 for more structural floor 
plans for the retail, typical office, additional floor and top floor. 
Designing for composite columns meant there was going to be a larger concrete to steel 
ratio for the floors where composite columns were located. Composite columns weren't 
necessary on floors above Level 13 since it was possible to identify appropriate W-shape 
sections to resist the compression forces. To speed construction time and reduce the dead load 
for the whole building, were used hot rolled W-shaped sections from Floor 13 to floor 17, 
considering the goal was to not exceed a column size larger than W14x257. These columns 
would require SFRM (Spray-Applied Fire-Resistive Materials) and a square fiberglass cover to 
provide proper fireproofing and consistency in aesthetics. W-shape sections used as columns 
start to fail on the twelfth floor, which is where the composite columns were designed. As 
depicted in Figure 6, the red spots are new added composite columns, while the blue ones are 
continuous from basement to the rooftop. Comparing with the column locations were as 
indicated in the provided plans for the existing building, the new columns are fewer and smaller. 
The largest size of composite columns is 23” by 23” and the red ones are 14” by 14”. This new 
column layout has longer column span and larger open space, which contains more parking 
spots.  
In addition to that, the circulation in the parking lot is also changed. After the load 
calculation for shear walls, the team determines to change the driveway orientation from the 
original design, which resulted in shear wall modifications to accommodate for traffic flow. As 
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shown in Figure 6, the driveway is a one-direction loop, which eliminates the dead end in the 
GREEN MEZZANINE level.    
In the plan views for column layouts provided in Appendix 4 and Appendix 5, the 
columns are color coded to make a better visual of which columns are subjected to larger 
compressive loads: W-shape columns are blue, concrete-encased W-shape columns are green and 
concrete-encased W-shape columns with double T-beam reinforcement bars are magenta.   
A wind drift analysis of the final designs structure and previous phases of the building 
was done on RISA 2D to assess the amount of drift within the building compared to the 
maximum permissible drift. This was done by splitting the building into sections and 
determining the average moment of inertia for each section, then applying it to the calculated 
wind loads to find the drift of the building at respected building sections. Our final structural 
design consisting of composite columns had a top drift of 0.17 in. compared to the maximum 
drift that can experience of 6.84 in. Before the final and the composite column model an all steel 
design was conducted with a top drift of 1.526 in., which is still within the max drift range of 
6.84 in. This meant our steel columns were stable, however, it was not enough stability to get the 
drift below 0.2 in, which was a goal set by the team. A composite column drift analysis was then 
done after the steel model. To our expectations the top drift our building decreased to 0.236 in. 
but not the design goal. The additive of the Shear wall core with the composite columns, which 
was the final model, gave a drift of 0.17 in, which was below the design goal of 0.2 in and the 
max drift of 6.84 in. leaving our occupants and surrounding pedestrians safe from the building 
collapsing due to significant wind pressures and loads.  
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4.2 Column and Slab Connections 
The combined system of concrete slab and composite concrete-and-steel columns utilized 
the most important advantages of each system. The concrete nature of the composite columns 
made it possible to design integrated connection zones between the columns and the slab in the 
most efficient way. 
After discussing with the group concentrate on 
concrete design, the whole team decided to use 
Bubbledeck instead of traditional floor slab. More 
information on Bubbledeck slab can be found in 
concrete group’s report. Being one of the most 
innovative features in the structural design of 888 
Boylston Street, Bubbledeck provided a longer two-way 
slab span and more open space in both the office and 
retail areas in addition to shortening the construction 
period. However, the traditional connection method 
between Bubbledeck and columns is not suitable for this 
project upon the use of concrete encased W-shape steel columns, hence a new connection needed 
to be designed. From the research, most Bubbledeck system use concrete reinforced columns or 
round HSS columns infilled with concrete. The new designed connection, which is shown in 
Figure 7, consists of one top shear plate, one base plate and four shear rods connecting those two 
plates. To shorten the construction time, the W-shape flange is pre-welded with the top shear 
plate and base shear plate and four bolts are welded to the top plate to ease the concrete 
placement process. The top plate has four 4”x4” square holes in each corner where rebars will 
Figure 7: Column and slab connection 
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run through and where concrete will be placed during the cast-in place process. The 20” shear 
rods are bolted to the base shear plate of the top column and extends through the Bubbledeck to 
the top shear plate of the column below. To ensure bolt tightness, a small metal nut on top of 
each shear rods to support the top column while it's being erected will provide enough time for 
the concrete to cure before setting another floor. See Appendix 8 for more detail drawings.    
4.3 Envelope Design 
4.3.1 Goals 
The original building had an envelope that was comprised entirely of a glass curtain wall. 
To preserve the overall architectural style of 888 Boylston Street, it was decided that the new 
building should also have a unitized curtain wall system, which is a factory assembled and 
factory glazed system shipped in units to the job site in custom built A-frame racks, facilitating 
uploading, hoisting, and distribution onsite. Once on site, the units are hung onto an edge-of-slab 
rail that is anchored with T-bolts into cast-in-channels that are pre-mounted onto the Bubbledeck 
at the factory. The entire process is designed to expedite installation and to minimize every 
aspect of onsite labor.   
4.3.2 Evaluation 
When deciding on which system to use for the curtain wall, the team evaluated their 
options on the following criteria: project size, wall configuration, joint pattern, glazing, inter-
story movement, quality control, modification, sealing, field labor cost, field labor duration and 
access, and safety. Having settled with a curtain wall as the building enclosure, two applications 
were evaluated: stick and unitized curtain wall systems. 888 Boylston Street is a high-rise 
building, which makes it a large project size for curtain wall installations, and ultimately too 
large of an installation project for a stick-built curtain wall. A stick-built system consists of 
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horizontal mullions to form a grid with long aluminum mullions inserted between floors 
vertically and fixed to floor edges by brackets to provide wind resistance. The structure has a 
monotonic exterior which makes a unitized system a better choice. Additionally, this system is 
high-quality since it is pre-manufactured and glazed in a climate controlled environment. Due to 
Boston being a high traffic city and the tight building site having minimal storage space, a 
unitized system is more ideal, considering its installation requires only 75 ft2 per unit, set from 
the interior using suction robots and stored on dolly-crates inside the structure as well as outside. 
Having a recorded installation speed of 50 units per day10, a unitized system can be installed in a 
third of the time required for a stick-built system. 
4.3.3 Assessment 
A unitized curtain wall system provided many architectural and structural benefits to the 
building. Aesthetically, it allows the building to appear to have a very thin thickness of each 
floor, as the Bubbledeck was tapered on the edges to give this appearance. See Appendix 9 and 
Appendix 10 for a section view of the tapered edges. Structurally, the team needed to ensure that 
no gravity loads would be transferred to the glass of the curtain wall. The maximum deflection of 
each floor slab was calculated in Autodesk Robot to be 0.13 inches, taking the 15-foot cantilever 
into account. The selected curtain wall system includes a 1-inch gap between the glass panels, 
filled with a flexible rubber gasket, which will absorb the predicted deflection of the slab and 
keep the gravity load from being transferred to the curtain wall (Bartlett et al. 2016).  
4.3.4 Design 
10 Wausau. “INvision” 
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Product specification for the selected curtain wall system can be found in Appendix 9. 
The envelope system consists of 
multiple components that offer various 
solutions depending on the user’s 
preference. Figure 7 depicts an 
exploded axonometric view of the 
individual pieces forming the mullion 
system and other components. Item (1) 
represents the mullion system that is 
13 feet tall and 8 feet wide on the 
office floors. Every mullion includes a 
casing for shading devices (Item 2) that are readily available in case the occupants would like to 
include a shading device after removing the detachable shadow box (3); a 18-2/11-inch thick 
sandwich panel with foam insulation compressed in between two 3/32-inch thick aluminum 
panels. Item (4) represents the conduit box where the required electrical equipment for the 
shading devices can be placed. The conduit box will be cast inside the precast bottom of the 
Bubbledeck panel. The shadow boxes consist of three individual sections to provide an effortless 
installation process. The top (5) and bottom (6) of the shadow box clip to the hooks (7) located 
on the ceiling and floor finishes and the middle section (8) fits in between these two pieces. See 
Appendix 9 and Appendix 10 for section drawings.   
4.4 Site Logistics 
Figure 8: Axometric representation of envelope components
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One major concern, 
due to the fact that the site is 
in a high-density urban 
setting, is that the site area is 
extremely limited. There is 
not enough space to store 
large construction materials 
such as Bubbledeck slabs 
and steel columns on-site 
before they are erected. The 
materials must be transported to the site on a schedule that coordinates with the construction rate. 
Initially, both the columns and MEP equipment would be stored outside of the building at the 
southwest side (as shown in black rectangular in Figure 9). Upon the completion of each floor, 
the MEP equipment could be moved inside of the building on completed floors (as shown in 
brown rectangular in Figure 9) to save storage space and protect the materials. On average, 
Bubbledeck requires seven days to complete one floor, thus the materials are expected to be 
restocked once a week. Bubbledeck slabs and concrete would not require storage and they are 
transported on site by truck on an hourly basis and erected immediately. Each truck delivers at 
most five Bubbledeck slabs and is scheduled to deliver from 8pm to 5am during weekdays. One 
entrance and one exit are designed at the northwest side of the site to facilitate Bubbledeck 
transportation.  
Another concern is the public safety of the site area. To ensure safety, the lifting of heavy 
materials such as Bubbledeck slabs and columns are scheduled at late night or early morning. 
Figure 9: Site Logistics Map 
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Additionally, the glass arcade adjacent to the site should be protected from objects falling during 
construction. The tower crane is suggested to be positioned in the center of the building to 
shorten the crane girder to make the lifting safely.  
4.5 Constructability 
After the drilled shafts have been installed, it will be necessary to fill in the slab with 
additional concrete. Strategies to ensure accuracy, for example the use of software such as BIM 
360 or Trimble navigation are necessary to mark the locations of the structural members. After 
member locations are marked, base plates are bolted to the slab and the erection of structural 
members such as columns and rebar are then bolted into the baseplate. After the steel members 
have been placed, measured formwork is placed on center point to assist with the concrete 
placement. Because of the small footprint of the columns, the stability of the formwork was an 
issue when reaching floor to floor heights of 13’, let alone 16.5’. It was decided that traditional 
formwork would be used with bracing/shoring to provide reinforcement.  
During the cast-in-place phase of the superstructure erection, if typical concrete mix 
design is used there will be segregation within the concrete itself while it forms around the steel 
configuration due to it being congested. Segregation leads to the reduction of design strength. In 
addition, the casting would only be able to occur at a max height of 5 feet due to the problem of 
segregation. Vibration of the columns can be a method to help the concrete settle effectively. 
However, if there is too much vibration, the number of air pockets within the concrete will be 
decreased, leading to a weaker design strength. As an alternative measure, self-compacting 
concrete (SCC) is proposed for the cast-in-place columns. SCC is similar to standard concrete; 
however, it is able to settle through the congested steel configuration from its gravitational 
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weight. This is due to its low viscosity from added plasticizers. Casting SCC into columns will 
save time in the superstructure erection process. 
After, it will take a week for the SCC to cure enough to reach sufficient design strength.  
This will allow formwork to be removed, in the meanwhile, shoring rods will be placed in 
specific locations to allow construction to continue on to the next floor. 
The unitized mullion system, Schuco UCC SG65, is a prefabricated mullion unit system 
designed for a fast and easy installation process.  The units will be picked up by a 40’ x 10’ 
escorted truck in Newington, Connecticut and then shipped to the site taking 2 hours and 30 
mins. The truck will arrive and park in front of the site. Units are then unloaded to a dolly, laid 
vertically against themselves, not stacked.  They are then brought up by a freight lift on site flush 
to the soon to be facade. Bring up as much units as possible without endangering them. The dolly 
is then brought off the lift by three men to the corresponding floor and the units are then 
unloaded and laid separately for unit safety. Once that is completed one man maneuvers the 
suction machine with the unit, top end angled toward the top floor.  Then two men guide both 
ends  back to the unitised system, top end first.  Each unit installation should take 4.5 minutes11 
or  a recorded 50 units per day.  One of the workers will guide the dolly back to the lift 
immediately after the units have been unloaded so that more units can be vertically transported, 
if needed to save more time.  Total installation time will take roughly 35 days assuming eight 
hour shifts, refer to appendix 11 for envelope constructability schedule. 
11 https://www.youtube.com/watch?v=hYcYVIiyqg8 (The Glass Racking Company KS400 robot curtainwall installation) 
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5.0 Conclusion and Recommendations 
Innovative solutions such as a composite column system have all been coordinated 
throughout the design to allow a reduction in structural floor footprint.  An additional floor was 
also added as the fifth floor to hold the mechanical equipment from the garage just as a resiliency 
measure.  This is also sustainability for the building while integrating with the mechanical team.  
This as well was incorporated into the calculations and design of the composite columns.  By 
doing this the project team was able to create a unique, high-performance structure that will 
stand the test of time, nature and humans while providing valuable resources to the community.  
This was doable for the steel team and a new floor was designed for columns. The 
placement of columns was to have an open floor plan, while still having stability.  The 
constructability of the gravitational system was monitored to reduce disturbance to neighboring 
buildings by making the construction process quick as possible. Lastly, the building was 
designed to withstand the high wind, rain, and snow loads in the Boston area, making it more 
resilient and durable. However, we recommend that seismic testing should be done on the 
building in software before being erected.  In case an earthquake does occur while it is erected it 
is our duty, as engineers to make sure that this 18-story building will resist any seismic 
magnitude to the best of our abilities utilizing the finest knowledge, software and materials to 
achieve it.  While the team is unsure about the stability to seismic forces; the building will resist 
live, dead and wind loads brought upon it. 
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Appendix 1: Structural Floor Plan 
Figure 10: Structural Floor Plan for First Retail Floor Figure 11: Structural Floor Plan for Typical Office Floor 
Figure 12: Additional Floor 
31
Appendix 2: Composite Column Calculations 
Table 7: Live Load Reduction Factor from CMR-Eighth Edition
Table 8: Formulas 
Table 5: Find recommended design loads from CMR-Eighth Edition R-
Table 6: Size Column using AISC Steel Manual CM 
eighth Edition
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Appendix 3: Composite Column Calculation 
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Appendix 4: Column Size 
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Appendix 5: Column Size 
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Appendix 6: Wind Drift Analysis 
Figure 14: Final Design of Composite columns 
with Concrete Shear Wall
Figure 15: Composite column with No concrete 
shear wall
Figure 16: Only steel design Figure 17: Wall load 
Figure 13: Wind Drift Analysis 
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Appendix 7: Wind Load Calculation 
Figure 21: Roof pressure summary 
Figure 19: Structure pressure summary 
Figure 18: Basic parameters and wall pressure coefficients 
Figure 20: Roof pressure coefficients 
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Appendix 8: Proposed Column and Slab Connection 
Figure 22: Pre-weld W-shape Flange 
Figure 24: 3D Drawing from Bottom View 
Figure 25: 3D Drawing for Connection Detail 
Figure 23: 3D drawing from Top View 
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Appendix 9: Envelope Detail 
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Appendix 10: Envelope Detail 
Appendix 12 : Envelope Constructability Schedule
Time (hrs)  Floor  Fabrications  Transportation 
Lift 
mins 
lift 
hours 
installation 4.5   
mins  # of units  width 
2hrs 30mins  20.0  4.5  8.167 
9.55  1  150  222.7  3.71  200.43  44.54 
10.01  2  150  239.1  3.99  211.725  47.05 
8.17  3  150  181.7  3.03  158.265  35.17 
14.80  4  150  397.4  6.62  340.65  75.7 
15.61  5  150  426.6  7.11  360  80 
15.72  6  150  433.2  7.22  360  80 
15.83  7  150  440.0  7.33  360  80 
15.94  8  150  446.6  7.44  360  80 
16.05  9  150  453.2  7.55  360  80 
16.33  10  150  465.5  7.76  364.275  80.95 
16.44  11  150  472.1  7.87  364.275  80.95 
16.55  12  150  478.8  7.98  364.275  80.95 
16.67  13  150  485.7  8.10  364.275  80.95 
16.78  14  150  492.4  8.21  364.275  80.95 
16.89  15  150  499.1  8.32  364.275  80.95 
17.00  16  150  505.9  8.43  364.275  80.95 
17.11  17  150  512.6  8.54  364.275  80.95 
17.23  18  150  519.3  8.65  364.275  80.95 
1331.01 
272.69 
34.0863751 
days/8 
hr 
shifts 
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